We analysed the response of the financial markets of advanced East Asian countries to the significant decline in crude oil price which occurred in 2014. We used daily logarithmic returns of the representative exchange rates of national currencies and stock prices from 1 January, 2013 to 31 December, 2015. The empirical findings showed a significant change in both the dynamic correlation of exchange rates and stock prices and the causality relationship between the commodity, foreign exchange and stock markets during the period of declining crude oil price and instability. This paper highlights the response of the financial markets of advanced East Asian economies to a sharp decline in and instability of crude oil price, thereby contributing to the empirical literature and providing guidance for investment portfolio management.
INTRODUCTION
The increasing demand for crude oil, primarily in emerging economies, in the first decade of the new millennium caused the price of crude oil to rise to a record height. The global recession of 2008, however, decreased the demand for energy and, consequently, the price of crude oil declined for several months. Then, in 2009, the price increased again.
In 2014, crude oil price became more unstable and dropped sharply. The price for West Texas Intermediate (WTI), which is one of the most important benchmarks in oil pricing, decreased by 49.4% from 1 July, 2014 to 31 December, 2014. Since then, crude oil price, determined by expectations, increased supply and decreased demand in the world energy market, has remained very low.
The decline and instability in crude oil price considerably affected international trade and, accordingly, major oil-exporting and importing countries. Japan, South Korea and Taiwan -three advanced economies in East Asia -are resource-poor and rely heavily on energy imports. The rapid decrease in the price of crude oil could thus have a significant impact on the macroeconomic fundamentals of these countries.
The impact of crude oil price on oil-importing economies has been the focus of a growing number of studies, among them Diaz et al. (2016) , Le and Chang *Address correspondence to this author at the Tohoku University of Community Service and Science, 3-5-1 Iimoriyama, Sakata-shi, Yamagata, 998-8580, Japan; Tel: 0234-41-1255; Fax: 0234-41-1181; E-mail: sultonov@koeki-u.ac.jp, saidtd@yahoo.com (2016), Thenmozhi and Srinivasan (2016) , Zhu et al. (2014) and Lu and Hamori (2013) . These studies have also investigated the relationship between oil price and financial markets in the context of several East Asian countries. Diaz et al. (2016) , for instance, demonstrated a negative response of G7 stock markets to an increase in oil price volatility. They indicated that global oil price volatility has a more significant impact on stock markets than national oil price volatility. Le and Chang (2016) suggested that oil price has limited implications in the long run but is more useful for forecasting fluctuations (in Japanese financial variables) in the short run. According to Thenmozhi and Srinivasan (2016) , in oil-importing countries, exchange rates tend to have negative and stock indices positive relationship with oil price. They argued that oil price and stock indices in major oil-importing countries are correlated in the long and medium term, but not in the short term. Zhu et al. (2014) showed that the codependence between crude oil price and Asia-Pacific stock returns is generally weak but increases significantly in the event of crisis. Lu and Hamori (2013) demonstrated that financial markets in Japan, South Korea and Taiwan have different causality relationships: Such relationships are relatively strong in Japan's financial markets, and relatively weak in South Korea's financial markets.
Except for Lu and Hamori (2013) , the aforementioned studies used data for a period longer than 10 years. Yet, because the relationship between the commodity, foreign exchange and stock markets can be incongruent in different sub-periods, we focused on a specific period wherein a significant decline in crude oil price occurred -namely, 2014 -and how financial markets responded to this downward trend.
We used nominal daily logarithmic returns of the representative exchange rates of national currencies and stock prices from 1 January, 2013 to 31 December, 2015. This period includes 1.5 years before and 1.5 years after the date on which the price of oil started to decline. We investigated how the changes in oil price affected the dynamic conditional correlation (DCC) between exchange rates and stock price returns. Afterwards, we tested the unidirectional causality from the commodity market (crude oil price) to the financial markets (foreign exchange and stock markets). Additionally, we estimated the dynamic linkage (causality relationship) between foreign exchange and stock markets to assess how this relationship changed when the price of crude oil declined. The paper's findings, which highlight the response of the financial markets of advanced East Asian economies to a sharp decline and instability in crude oil price, contribute to the literature assessing the impact of oil declining price and can serve as guidance for investors in portfolio management.
DATA DESCRIPTION
In this section, we describe data attributes for the entire period, as well as for two sub-periods before and during the oil price decline: 30 June, 2014 was marked as the beginning of crude oil price decline. The whole period comprises 711 observations from the beginning of January 2013 until the end of December 2015. The first sub-period includes 348 observations, while the second includes 363 observations. Weekends and holidays were excluded. The disparity in the number of observations is mainly related to different national holidays in the selected countries.
The monetary authorities of each country were the source of the data on nominal daily representative exchange rates. Stock price indices were derived from Google Finance. The data on crude oil price (WTI) were derived from Thomson Reuters statistics, available via Independent Statistics and Analysis of the US Energy Information Administration. Fuller, 1979, 1981) reject the null hypothesis of the presence of a unit root for all variables.
Tables 2 and 3 present descriptive statistics of the data for two sub-periods -before and after 30 June, 2014, which marked the start of the decline in crude oil price. Mean values show that KRW (the national currency of North Korea) and KOSPI exhibited a decreasing trend, and all other variables an increasing trend, in the first period. WTI, KOSPI and TAIEX demonstrated a decreasing trend in the second period. All other variables showed an increasing trend in the In the first period, WTI, NIKKEI and TAIEX are skewed left and show longer tails on lower returns. All other variables are skewed right and show longer tails on higher returns. In the second period, only TAIEX is skewed left and has longer tails on lower returns. All other variables are skewed right and have longer tails on higher returns. The Jarque-Bera test rejects the null hypothesis of 'normal distribution' at the 1% to 5% significance level for all variables in both periods (excluding KRW in the second period). The standard ADF test statistics reject the null hypothesis of the presence of a unit root for all variables (at the 1% to 5% significance levels) in both periods. The returns of all stocks were volatile for the whole period.
METHODOLOGY
We used the daily representative nominal exchange rates of JPY, KRW and TWD, the closing price indices of NIKKEI, KOSPI and TAIEX, and the price of WTI to calculate daily logarithmic return series. The returns were calculated using Equation 1.
R stands for daily logarithmic return; x represents the daily representative nominal exchange rate, the closing price index of stock or the price of crude oil; t denotes time (day). The use of returns enabled us to evaluate the relationships between the variables with the series of unequal values. The Wald test for a structural break at an unknown break date was conducted to test the returns for the presence of a structural break. For the break, we considered the impact of the structural change in time series and incorporated dummy variables in the equations of the models, which will be described below.
To assess the changes in dynamic conditional correlation between exchange rates and stock prices (when the oil price significantly fell), we estimated the parameters of DCC bivariate generalised autoregressive conditional heteroscedasticity (GARCH) models. The conditional variances were modelled as a univariate GARCH model (Bollerslev, 1986) . The conditional co-variances were modelled as nonlinear functions of the conditional variances (Engle, 2002) . The conditional mean equation of the model was where y t is a vector of dependent variables, M stands for a matrix of parameters, x t indicates a vector of independent variables, and ! t denotes the error terms (or innovations) with respect to a mean process.
The conditional variance equation of the model was
The conditional variance is a function of the size of prior unanticipated innovations ( ! 2 t ) and the conditional variance ( ! i 2 ). The coefficients ! j and ! j are the ARCH and GARCH parameters ( ! > 0 , ! j " 0 and ! j " 0 ). For the time series with structural breaks, an additional dummy (D) with a value of 0 before the structural change date and a value of 1 thereafter was incorporated into the conditional variance equation. According to Engle (1982) , the error term followed a Gaussian or normal distribution. However, the distribution of daily exchange rates and stock returns is frequently leptokurtic (a distribution with positive excess kurtosis), which allows us to assume that the errors follow the Student's t distribution or the generalised error distribution. Log-likelihood ratios and information criteria (Akaike information criterion -AIC; and Bayesian information criterion -BIC) were used to define the parameters (lags of dependent variables, p, q). The Ljung-Box Q test on standardised residuals and their squared values was used to diagnose the appropriateness of the equations and derived results. Variances and co-variances derived from Equations 2 and 3 were used in the estimation of the DCC coefficients.
In the next step, we applied a CCF approach developed by Cheung and Ng (1996) to examine dynamic linkage (the causality-in-mean and variance) between the logarithmic return series before and during the oil price decline period. We used an autoregressive (AR) model and an exponential GARCH (EGARCH) model (Nelson, 1991) to compute the conditional mean and conditional variance. The mean equation is
and the variance equation is
where ! j is the asymmetric response or leverage parameter. We used the standardised residuals and the squared standardised residuals from Equations 4 and 5 in cross-correlation function (CCF) to test the causality relationship. Cheung and Ng's (1996) chisquare test statistic was used to test the hypothesis of no causality from lag 1 to lag 10 in the cross-correlation coefficients. We used a generalised version of the test suggested by Hong (2001) .
The generalised version of the test proposed by Hong (2001) is
where k is the number of lags used in estimation, and S is Cheung and Ng's (1996) chi-square test statistic coefficient, defined as
T is the sample size, and r uv (i) is the sample crosscorrelation coefficient at lag i for the standardised residuals (u and v) while estimating causality-in-mean, and for the squared standardised residuals while estimating causality-in-variance. The sample crosscorrelation coefficient at lag i for the standardised residuals was estimated as
where c uv (i) is the i-th lag sample cross-covariance and c uu (0) and c vv (0) are the sample variances of u and v. Here, u and v are the standardised residuals derived from Equations 4 and 5 for a pair of variables explained in the data description section.
EMPIRICAL FINDINGS
To assess the changes in dynamic conditional correlation between the foreign exchange and stock markets, we used the logarithmic return series of the variable for the whole period and estimated the parameters of the bivariate DCC-GARCH model. The obtained results are presented in Tables 4 and 5. The parameters of the model were determined based on the likelihood-ratios and information criteria (AIC and BIC). The coefficients of the mean equation showed a significant impact of the previous-day returns of JPY on the present-day returns of JPY, a significant impact of the previous-day returns of NIKKEI on the present-day returns of JPY and NIKKEI, and a significant impact of the previous-day returns of KOSPI on the present-day returns of KRW.
The coefficients for the variance equation showed a significant impact of previous-day information and volatility on present-day variation (excluding the impact of previous-period information for TAIEX, which was statistically insignificant). The white noise Q test for autocorrelation failed to reject the null hypothesis that there is no serial correlation up to an order of 10 for standardised residuals and their squared values.
We used variances and co-variances from estimations in Tables Parameters of each equation were selected based on the likelihood-ratios and information criteria (AIC and BIC). The mean of KRW was significantly affected by its previous returns. The variance of JPY, TWD and NIKKEI was significantly affected by the previousperiod information. The variance of KRW, TWD, NIKKEI, KOSPI and TAEX was significantly affected by their previous volatilities. For KRW, KOSPI and TAIEX, the impact of news on conditional variance was asymmetric. The white noise Q test for autocorrelation failed to reject the null hypothesis that there is no serial correlation up to an order of 10 for standardised residuals and their squared values. Table 7 presents the estimation results for the AR-EGARCH model for the period after 30 June, 2014. Parameters of each equation were selected based on the likelihood-ratios and information criteria (AIC and BIC). The mean of TWD and TAIEX was significantly affected by their previous returns. The variance of JPY, TWD and NIKKEI was significantly affected by the previous-period information. The variance of JPY, KRW, TWD, NIKKEI, KOSPI and TAIEX was significantly affected by the previous period's volatility. For KRW, NIKKEI, KOSPI and TAIEX, the impact of news on conditional variance was asymmetric. The white noise Q test for autocorrelation failed to reject the null hypothesis that there is no serial correlation up to an order of 10 for standardised residuals and their squared values. Table 8 presents causality relationships between the variables. The estimations were made for 10 lags. The weekends were excluded and thus 10 days was equivalent to two weeks in our estimation. First, we explained one-way causality from the commodity market to the stock and foreign exchange markets. Before 30 June, 2014, causality-in-mean was observed from the commodity market to the stock and foreign exchange markets of all three countries. When the oil price fell and became unstable (after 30 June, 2014), causality-in-mean was observed from the commodity market to the stock and foreign exchange markets of South Korea and Taiwan only. Before 30 June, 2014, causality-in-variance was observed from the commodity market to the stock markets of South Korea and Taiwan. When the oil price fell and became unstable (after 30 June, 2014), causality-in-variance was observed from the commodity market to the stock markets of Japan and Taiwan. Before 30 June, 2014, causality-in-variance was observed from the commodity market to the foreign exchange markets of Japan and South Korea. When the oil price fell and became unstable (after 30 June, 2014), weak causalityin-variance was observed from the commodity market to the foreign exchange markets of South Korea and Taiwan. Oil price instability (after 30 June, 2014) increased uncertainty in Japan's stock market and Taiwan's foreign exchange market.
Here, we explain two-way causality-in-mean and variance between the stock and foreign exchange markets in every country. Before 30 June, 2014, causality-in-mean was not observed from the foreign exchange market to the stock market in all countries. When the oil price fell and became unstable (after 30 June, 2014), causality-in-mean was observed from the foreign exchange market to the stock market only in Taiwan. Before and after 30 June, 2014, causality-invariance was observed from the foreign exchange market to the stock market only in Japan. The effect (in the case of Japan) was stronger after 30 June, 2014. Before 30 June, 2014, causality-in-mean was observed from the stock market to the foreign exchange market in all three countries. When the oil price fell and became unstable (after 30 June, 2014), causality-inmean was observed from the stock market to the foreign exchange market only in Japan and South Korea. Before 30 June, 2014, causality-in-variance was observed from the stock market to the foreign exchange market in Japan and South Korea. When the oil price fell and became unstable (after 30 June, 2014), causality-in-variance was observed from the stock market to the foreign exchange market only in Japan. Oil price instability (after 30 June, 2014) increased volatility transition between the stock and foreign exchange markets in Japan considerably.
CONCLUDING REMARKS
In this paper, we analysed the response of the financial markets (foreign exchange and stock markets) of Japan, South Korea and Taiwan to a significant decline and increased instability in crude oil price, which began in mid-2014. Observations from the data showed that before 30 June, 2014, the price of crude oil was increasing and relatively stable. After 30 June, 2014, the price of oil mostly declined and became very unstable. The empirical findings showed a significant change in both the dynamic correlation of exchange rates and stock prices and the causality relationship between the commodity, foreign exchange and stock markets during the period of continued crude oil price decline and instability. The paper's findings, which highlight the impact of oil price decline on the financial markets of advanced East Asian economies, contribute to the literature by assessing the impact of recent oil price decline on foreign exchange and stock markets. The findings will have vital importance for investment portfolio management in the context of East Asian financial markets.
